
The temperature is rather homogeneous with a weak vertical gradient about

O.00$Y1°C/m below the depth of 1000 m. Water is generally warm in the

west North Pacific (32 °C to 34°C) ,  cool in the middle-east North Pacific

(about 24C to 25°C), and becomes warm again near the eastern boundary

(about 29C to 30°C) in the surface layer at 5°N near the topics. The

eastern warm mass extends westward to l35°N and more. The surface

mixed layer is about 50 in to 100 m deep in the mid-latitude as shown in

Figure l7d. The observed corresponding temperature distributions in the

longitudinal cross sections of Figure 17 are shown in Figure 18, obtained

from Muromtsev (1963) and from I~4asuzawa (1972). The general feature of

the model output agrees qualitatively well with observed and atlas data.

The same order of magnitude of vertical temperature gradients exists in

the upper 350 in. However, there are no spatially wavy distributions of

temperature and no double thermoclines in the simulated temperature field

as have been shown in the atlas. This is probably due to the coarse

vertical separations in the model. The model of the eastern North Pa-

cific produced more warm water in the middle latitude, where the iso-

thenzns rise very gently to the east in the intermediate water depth

(300 in to 700 in), as indicated in Figures 17c ,d, than that of the atlas

where the isotherms rise rather sharply toward the east as shown in

Figures 18c,d.

Four meridional cro ss sections of temperature distribution of the

model output are shcwn in Figure 19 and four corresponding cross sections

of oceanographic surveyed profiles are shown in Figure 20. The gross fea-

tures of the two figures bear general agreement, except the isotherms in

4].
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the model output are much smoother than the observed ones. The major

discrepancy occurs in the high latitude region above 1i5°N where the

simulated temperature is warmer. The 14°C isotherm never reaches the

surface in the model as it does in the observed data. This is mostly

caused by the annual mean atmospheric forcing conditions which are

p 
biased by northern summer observations. Warm air temperPtLres in high

latitudes used as constrained boundary conditions result in a corre-

spondingly warm oceanic temperature distribution in the subartic re-

gion. The overadjustment of the convective mechanism in the unstable

water column also affects the mixed layer depth which is rather deep in

the model.

Simulated salinity distributions for three layers at surface, 350 in,

and near the bottom (3000 in) are shown in Figures 21a,b,c, respectively.

The surface salinity shows an elongated maximum zone above 35°/oo between

20°N and 30°N and declines polarward and equatorward as indicated in Figure

21a. In the eastern tropic, there is also a high salinity tongue near the

boundary and extending westward. The north-south homogeneity is indicated

in the western boundary region. At the depth of intermediate water level,

salinity values are slightly higher, around 31i-.ii- °/oo to 35.2°/oo, than that

of the surface layer but with similar patterns as shown in Figure 2lb. The

salinity in the bottom water is rather homogeneous with a slight high in the

northwest. Reid ’s (1969) surface salinity distributions are shown in Figure 22.

General agreements in large-scale features between Figures 21a and 22 are satisfac-

tory. Three meridional vertical cross sections at 180°, 105 °W, and 165°E are shown in

Figures 23a,b,c, respectively, for the simulation and in Figures 2~4a,b ,c,

42
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for the observed atlas data (Moromtzev , 1963). The gross nature in the

corresponding cross sections in Figure 23 and Figure 24 agrees qualita-

tively well. In the western North Pacific along l05°W , a maximum near

20°N and a minimum near 5°N are shown in Figures 23a and 214a. Along the

180° cross section, a large amount of low-salinity but high-density water

sinking near ~0°N to an intermediate water depth around 500 in to 1000 m

is clearly indicated in both Figures 23b and 2ltb. There is a shallow

salinity minimum in the vertical at the depth around 100 m, a maximum at

the depth around 300 in and a prominent minimum at the intermediate water

depth. These features are also clearly shown in the eastern central

North Pacific in both Figures 23c and 21i-c. Certain discrepancies do

exist between the simulated and the observed salinity distributions.

The simulated salinity in the high-latitude region north of 40°N is

about l°/oo higher than atlas data and the maximum salinity zone is closer

to the eastern boundary than is the observed one. This is mostly caused

by the inaccuracy of the evaporation and precipitation data imposed as

the upper boundary condition. These data were obained from Jacobs (1951).

Recent studies (e.g., Reed and Elliot, 1973) have indicated that much

high precipitation occurs in the subartic region.

Pressure field and dynamic topography. The surface pressure can be

calculated explicitly from the vertically integrated momentum equations,

= *~~
cos

~ 
+ f*~ 

- a~~os~ - 
~~~~~ f°f°p~dz

1dz + a~~cos~ (77)

(
~

) = ij~~ seccp - - a~~ - L~ fOp dz’dz + a~~ (78)

-

. 

. 
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where p0 is the surface pressure, ~J’ is the stream function defined in

(31) and (32). F and G are defined in (9) , (10), (34, (35). The p can

be obtained by integrations with an arbitrary constant appropriately ad-

justed with a known pressure point. Then the pressure at all depths can

be found by integrating the hydrostatic Eq. (29). The surface barotropic 
5-

pressure above the balanced level surface can be approximated , excluding

the very small surface baroclinic and kinematic effects, as

1
~o 

= 
~a 

+ p g r ~ (79)

where ii is the surface elevation and is the atmospheric surface pres-

sure.

The pressure field at the surface (10 in)  and at the depths of 225 in

and 3000 m are shown in Figure 25 in units of 0.1 rn
2/sec2. The pres-

sure field, Figure 25a, shows sharp horizontal gradients in the Kuroshio

region, indicating a strong northward current. The pressure gradients

outside of the boundary indicate a broad eastward flow in the mid-latitudes

and a weak south-westward flow in the tropics. At the depth of 225 in, the

basic pattern of surface flow still exists at this depth except with more

northward flow in the subartic and more westward flow in the tropics. Near

the bottom layer at a depth of 3000 in, the geostrophic circulation is

opposite of that in the upper layers. There is southward flow beneath

the Kuroshio Current and a broad westward flow under the North Equator

Current.

The dynamic topography of the sea surface based on observational

density field with respect to a l000-db is shown by Wyrtki (1974) and the

44 a
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mean dynamic height in the North Pacific Ocean is reproduced as shown in

Figure 26. Though detailed information is not portrayed in the computed

pressure field, especially near the equator , general features of’ the sur-

face pressure, Figure 25a as the relative field of the surface elevation

compares very favorably with annual mean dynamic topography in the North

Pacific as shown in Figure 26. Note that the dynamic height in Figure 26

corresponds to the surface pressure values in Figure 25 divided by the

gravitational acceleration, and the difference is just an arbitrary inte-

gration constant.

Energetics. The energy conservation for the model has been dis-

cussed briefly in the last paragraph of the formulation. The rate of

change of kinetic energy per unit volume can be expressed symbolically

- as

5-

- = c + = <~ ‘ + <p-io~ + <i>  + CDv> +- ~1M> (80) 
—

where K and K’ are the rate of change of vertical mean and deviation from

the mean kinetic energy per unit volume ; G denotes the nonlinear effect;

(p-~K), the transformation between the potential energy and the kinetic

energy due to buoyant effect; i- , the work done on the surface of the ocean

by wind stress; (Dv), the dissipation of kinetic energy due to horizontal

eddy viscosity; and ( LW) , the dissipation of kinetic energy due to vertical

eddy viscosity. The rate of change of potential energy per unit volume can

be expressed as

L 

I’ ~~ = - <p’K~ + ~DF~ (81)
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